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DESCRIPTION OF PROBLEM
Ethanol production from biorefineries in the United States has increased by more than 10 million metric tons in the past 7 yr [1] , owing in large part to government mandates that make it more profitable for corn producers to sell their corn crop for ethanol production rather than animal feeds. As a direct result of this increase in ethanol production, the feed industry has seen an increase in the availability of distillers dried grains with solubles (DDGS), the major by-product left after the starch has been converted to ethanol. This product is being included in some broiler diets, but the inclusion level of DDGS in commercial poultry diets has been fairly irregular up to this point. There have been field reports of problems with unloading the product from the standard railcars, trucks, and other transporting containers because of the product "setting up" over time [2] . More space is required for storage of DDGS because it has a bulk density lower than that of conventional whole corn [3] . Furthermore, nutritional quality and consistency have been identified as issues with DDGS. It has been shown that during the thermal processing, certain amino acids (AA) necessary for chick growth can be negatively affected [4] . Distillers dried grains with solubles have also exhibited large variability in TME n and AA digestibility among samples from different suppliers [5] . The majority of the variability in the nutritional profiles of samples from different suppliers has been attributed to differences in processing and drying temperature [5, 6] .
With the increasing supply of DDGS, and the ever-changing costs of feeding broilers, it becomes necessary to address this list of concerns and look for ways to increase the overall nutritional characteristics of DDGS. It has long been recognized that broilers do not have the capacity to digest fibrous carbohydrates as efficiently as cattle or swine. Thus, a reduced concentration of fiber in DDGS is expected to enable broilers to better digest this feed ingredient. Recently, a technique known as the Elusieve (ELU) process has been reported to help increase the nutritional profile of DDGS [7] . In the ELU process, DDGS are first sieved into 4 different sizes: large (>869 µm), medium (582 to 869 µm), small (389 to 582 µm), and pan (<389 µm) [8] . Fiber is removed from the 3 largest sizes by air classification, and the product obtained by mixing the remaining material is called "big DDGS." During air classification, the DDGS product falls from the sifter into an aspirator. There is one for each size category, with its own specific air velocity, where air is blown through the falling DDGS product, causing the lighter fiber portion to be blown into a separate chamber of the aspirator, thus separating it from the rest of the DDGS product. The pan material is a product by itself called "pan DDGS," which has already been shown to have lower fiber and higher protein, fat, and phosphorus concentrations than in conventional DDGS [8] . The objectives of this study were to 1) compare the performance of broilers fed diets with DDGS at an 8% inclusion level vs. diets without DDGS; and 2) measure the effects that DDGS products from ELU processing had on live performance and carcass characteristics of broilers when compared with a conventional corn and soybean meal diet, as well as a diet containing equal amounts of conventional DDGS.
MATERIALS AND METHODS

General Procedures
This grow-out study encompassed the period between 0 to 42 d of age using Ross × Ross 308 males [9] obtained from a commercial hatchery. One-day-old chicks were randomly placed in each of 48 floor pens (12 birds/pen; 576 birds total) at a density of 0.09 m 2 /bird. The closedsided house had thermostatically controlled heating, cool cells, and cross-ventilation. Each pen had built-up litter, a hanging feeder (22.5-kg capacity), and a water line (3 nipples/pen). The lighting program was 23L:1D and ventilation was accomplished by negative air pressure. Chicks were vaccinated for Marek's disease (via in ovo administration at d 18), Newcastle disease, and infectious bronchitis (via coarse spray at hatch).
Treatments
There were 4 different dietary treatments, with each treatment being replicated 12 times. Treatments were blocked completely, according to location within the house. A conventional corn-and soybean meal-based diet served as the control (treatment 1). Treatments 2, 3, and 4 were DDGS-containing diets, with each diet having a DDGS inclusion level of 8% during the starter and grower phases ( Table 1 ). The 8% level was chosen by the researchers based on previous research and current inclusion levels for DDGS in the industry. Diets were fed as crumbles for the starter phase and pellets for the grower phase. Treatment 2 represents the original and unmodified DDGS (UMD), whereas treatment 3 represents partially modified DDGS (PMD), also known as big DDGS. Partially modified DDGS is the DDGS product that results from mixing the 3 largest size categories that all underwent the total ELU procedure. Treatment 4 represents the diet that contained ELU pan DDGS (ED), which contained the pan DDGS that underwent no elutriation, only sieving. All DDGS-containing diets were prepared using the same dietary formula, as in treatment 2 (UMD), with the expectation that nutrient composition would vary sufficiently to detect improvements in the performance of diets fed the ELU-obtained DDGS when compared with a diet containing UMD.
The corn-soybean meal diet and the UMDbased diets were formulated to be isocaloric, isonitrogenous, and similar in calcium, phosphorus, and all limiting AA. Diets were formulated on a total AA basis to meet or exceed recommendations [10]. Table 1 displays the different dietary treatments used. The +DDGS column is representative of the ingredient composition of all DDGS-containing treatments, but nutrientwise is representative of only the UMD diet. Proximate analysis was performed on the experimental diets, and those values are reflected in Table 2 [11]. True digestible AA values were determined for the starter phase diets, via the use of precision-fed cecectomized roosters [12, 13] , and are displayed in Table 2 . Total AA and CP analyses were performed for the grower phase diets [14] . The PMD treatment was not analyzed for nutrient composition because this was an intermediate in treatments between the UMD-and the ED-based diets. All diets met or exceeded current recommendations for nutrients [10] , and feed and water were provided on an ad libitum basis. 
Measurements
All birds in each pen were weighed collectively at the beginning and at the end of the study. Pen weight was also obtained at 21 d of age when feed was changed from starter to grower. Feed consumption and mortality were monitored throughout the study, and feed conversion was corrected for the weight of mortality, and represented (g of feed consumed by all birds in a pen)/(g of BW per pen + BW of dead birds). At 42 d of age, 6 birds per pen were randomly selected, tagged, individually weighed, and cooped 12 h before processing. Birds were processed at a pilot processing plant. Electrical stunning was performed by applying 11.5 V (<0.05 mA, AC to DC current) for 3 s for each broiler, birds underwent the bleed-out process, and broiler carcasses were scalded, picked, and eviscerated automatically using commercial prototype equipment. Carcass and abdominal fat weights were obtained as birds were manually removed from the line. Carcasses were then chilled for 4 h, at which point all birds were manually deboned and weights were obtained for breasts, wings, thighs, and drums. Only breasts were deboned, and skin was removed before weighing. Absolute and relative weights (percentages of live weight) were determined for wings, drums, thighs, carcass, and bonelessskinless breast meat. Occurrence of deep pectoral myopathy in pectoralis minor muscles was monitored and recorded. All procedures were approved by the Institutional Animal Care and Use Committee of Mississippi State University.
Statistical Analyses
Data in this experiment were evaluated using ANOVA in a randomized complete block 
RESULTS AND DISCUSSION
Determination of ash, CP, fat, and CF showed that the UMD-and ED-based diets were different in fat composition when compared with the corn-soybean meal diet (Table 2) . However, no definitive pattern (increase or decrease) in any of the previously mentioned parameters was observed between the UMD-and the ED-based diets, although there was a noticeable difference in fat between the control and DDGS-containing diets. This suggests that at an 8% inclusion level, the DDGS, regardless of whether they had been submitted to an ELU process, were insufficient to result in detectable laboratory analysis differences between the nutrients. The true digestible Lys, TSAA, and Thr values that were determined via the use of cecectomized roosters (Table 2) were found to be in close agreement among all treatments and in close proximity to the calculated values for the starter phase. The grower phase values exhibited agreement across treatments similar to the calculated values. Furthermore, results for the true digestible AA values (starter phase) of the experimental diets showed similar results between the UMD-and the ED-based diets.
On d 21, there were no significant differences in live performance data among treatments ( Table 3 ). The BW results are similar to those in previous research, showing that the inclusion of conventional DDGS at up to 12% of the diet had no effect on BW gain up to 42 d of age [16] . At 42 d of age, the birds fed the ED diet exhibited higher BW compared with the control birds and the birds fed the PMD diet (Table 3) . No difference was found for BW at 42 d between the birds fed the ED-based diet and those fed the UMD-based diet, but this was marginal because there was a proximity to significance (P = 0.08), as observed by contrast analysis. Martinez-Amezcua et al. [17] showed that the ELU process increased fat, protein, and AA levels of DDGS while decreasing the total dietary fiber content from 34.5 to 19.7%. These diet changes could explain the BW results mentioned previously. At 42 d of age, feed consumption for birds fed the ED diet was significantly higher than that of birds fed the PMD diet (Table 3) . However, in neither of these 2 treatments did birds have a feed intake that differed significantly from birds in the control and UMD treatments. There were no differences in mortality or FCR among any of the treatments throughout the study (Table 3) .
Processing data at 42 d of age showed no differences between treatments for any of the characteristics measured (Table 4) . Previous research has suggested that DDGS levels in excess of 8% are acceptable if dietary energy levels are held constant, and have shown no negative effects on bird performance [18] Means within a column not sharing a common superscript differ (P ≤ 0.05).
traits were unaffected by the inclusion of DDGS when compared with those obtained from birds fed diets without DDGS. It is imperative to provide sufficient levels of critical AA to growing broilers. There can be a wide range of variability in the nutrient profiles, physical characteristics, and overall composition of DDGS from one source to the next [19] , and processing techniques such as excess heat applied during drying DDGS can have major effects on the AA content of feedstuffs [20] . Previous research has suggested options such as measuring the color score of DDGS samples as a relatively quick way of determining those with poor AA digestibility [6] . The ELU process could be a way to increase the nutritional value of DDGS by increasing the digestible AA concentrations, as well as the concentrations of other nutrients, and could possibly lead to an increase in nutritional uniformity in DDGS from different suppliers. Future research should further establish the amount of increase or decrease in nutrients for DDGS collected from PMD or ED selection.
CONCLUSIONS AND APPLICATIONS
1. Diets with 8% DDGS inclusion resulted in live performance and carcass traits similar to those of broilers fed diets without DDGS. 2. Elutriation and sieving (ELU) processing of DDGS, when these were included at an 8% rate in the diet, resulted in a partial improvement of BW at 42 d of age, but had no effects on other parameters measured. 
